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VECTORiMEPIATE OEN^ INSERTION AND 
EXPRESSION OF; PNA 1 IN BCG 

description 



i 

Background j 

; l^b-acteria represent major pathogens, of man and 

05 animals. For example, tuberculosis is generally caused 
in humans by Mgootooteriua «■) tuberculosis and xn 
cattle by Mycobacteria; bovis (which can be 
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transmitted to humans and other animals, in whom it 
causes tuberculosis)* Tuberculosis remains widespread 
and is an important public health problem, particularly 
in developing countries. It is estimated that there are 

05 approximately 10. million cases of tuberculosis world- 
wide, with an annual mortality of 3 v mIllion. Joint 
International Union Against Tuberculosis . and. World Health 
Organization Study Group, Tubercle, €3:157-169 (1982). 

Leprosy, which, is caused by M^legrae , afflicts over 

10 10 million people, primarily in developing countries. 

Bloom, B. R . and T.Godal, Review of Inf ec tiousDise as eg , 
5 : 657 - 679 (1984). M_^_tuber culos i s and mycobacteria of 
the avium- intracellulare-scrofulaceum (MAIS) group 
represent major opportunistic pathogens of patients with 

15 acquired immunodeficiency disease (AIDS). Centers for 
Disease Control, M o r b id i t a n d_Mo rt a 1 i t £_W e e k 1 R e £or t ^ 
34:774 (1986). M^pseudo tuber culos j.s is a major pathogen 
of cattle . 

On the other hand, Bacille Calmette-Guerin (BCG) , an 
20 avirulent strain of M^_bovis, is the.' most widely used 
human vaccine in the world and. has been . used as a live 
vaccine for more than 50 years . .....In.. ..the past 35 years , it 

has been administered to over 2.5 billion people , with 
remarkably few adverse effects (e. g., estimated 
25 mortality of 60/billion). BCG has been found in numerous 
studies to have protective efficacy against tuberculosis. 
However, it was found not to be effective in preventing 
pulmonary tuberculosis in some trials, for example in 
Southern India, Tuberculosis Prevention Trial , Madras , 
30 Indian Journal of Med ical Research, 72 ( sup pi . ) : 1 - 74 
(1980). 

Mycobacteria have been proposed for use as live 
vaccine vehicles. Genes encoding antigens from a variety 
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be expressed in recombinant mycobacteria 
o£ pathogens can be expr myc ob.=teria 
suc h that the adjuvant " f anti5ens 

whlch , ln turn, provide p adva ncag«s es 

pathogens. Mycobacteria offer • . 

1:: 1 : 1 ::;^: iid:nr. n :f r :Uuc.tions;.;.; 
ra:riii rr"." --t\ d :;:i u ;:ro.e.r ^ 

aMU ty to manipulate the nyc.b.ct.r 1 ... 

essential to Oeveloping this tend v ; 

Ih e ideal molecular t « nan ipulaced i B 

.^formation method, vectors that ^. ^ 

,-r« selectable nutritional and drug m 
vxtro, selects lc DNA sequences with 

abl litv to replace specific. 

...exogenous sequences * T tntrodutf .d into the 

Encoding a protein of in - ^ 

^bacterial genome ^ ^ mvcobac ter ium capable 

sequences to produce a re 

of expressing the encoded protein wou 

Su^ar^^easvention ^ . . 

The present invention relates 

, aeteria . to genetically recom- 
crrains of mycobacteria, 6 v„„e- 0 ria 
H genetically "Sheered, cultivable mycoCa 

»hich express «A of interest integrate ^ o£ a 

^bacterial genome and „ etot , ttsef ul 

regulated promoter region; to integrati ^ ^ 
f or the- introduction of DNA Inter. c - ^a r , 
promoter: region: into the ^' fc '"'f'\ " „, st „ 4 

Lctor-mediated method -^^'^^ 
, . re gulated promoter re ion eh 1^ ^....^ 

«"-• " PI ° dU r o : in vehicles which are sue* 
and to expression or vaccm 
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recombinant mycobacteria capable of expressing the 
integrated DNA. 

The integration vector of the present invention has 
made it possible to integrate DNA of interest into Che 
genome of mycobacteria, such as Mycobacterium sme^matis 
(H-_!2!£Eatis ) and Mycobacterium bovis -BCG (BCG) The 
integration vector includes an expression cassette, which 
is introduced into the mycobacterial.' genome by 
site-specific double homologous recombination. The 
expression cassette includes DNA of interest and a 
regulated promoter region; the two components are in such 
proximity to one another that expression of the DNA of 
interest in the recombinant mycobacterium is controlled 
by the regulated promoter region. The regulated promoter 
region is generally a mycobacterial promoter region, but 
can also be a regulated bacterial promoter, such as Che 
L.££ii'lacZ promoter. For example, a heat shock protein 
promoter region or stress protein promoter region (e.g., 
hsp70, hsp60) can be inserted into a recombinant plasmid 
vector in close proximity to the DNA of interest, such 
that translation of the gene is controlled by the 
mycobacterial promoter region and ribosome binding sites. 
DNA of interest is from a source other than the 
mycobacterium into which it is being integrated and is 
all or a portion of a gene or genes encoding protein(s) 
or polypeptide(s) of interest. DNA of interest 
introduced in this manner is referred, to as integrated ... 
DNA or integrated DNA of- interest. . The proteins ; or, - 
polypeptides of interest- can be, for example , . proteins - or- 
polypeptides against which an immune response is desired 
(antigen(s) of interest), enzymes, lymphokines, immuno - 
potentiators, and reporter molecules of interest in a 
diagnostic context. 



X. the method of producing recombinant -T"""""* 
o£ che present invention, double homologous recombmat on 

I' between plesmid-borne DNA sequences homologous Co 
occurs between p eenome and the homolo- 

DNA sequences in the mycobect.rr , « 

mycobacterisl sequences. As a result 
t n event, e recombinant myeob.ccerium i ? produced, 
k" h is very similar to the corresponding unmodrfred 
I rioter;! The recombinant mycobacteria includes the 

a n DNA of interest and the 
expression cassette (i.e., 

plated promoter region), vhich is. not- present 
unmodified mycobacteria, unlike recombinant 
aycobaccerla produced by other methods, those 
I present vector-.ediated method do not concern vector 
H & sequences or other sequences not normally present „ 
Tycobacceria other than those of. the 0S A of interest. 
The resulting recombinant mycobacteria (e.g.. 
recombinant BCG , recombinant M^smejmetij.) are. _ 
particularly useful as vehicles in which the DA o 
interest can be expressed. Such vehicles can b used, 
t0 r example, as regulatable vaccine vehicles wh ch 
express a polypeptide or a protein of interest (or more 
than one polypeptide ,r protein, . such as an antigen or 
antigens, for one or more pathogens of -cerest 

Th e recombinant; mycobecteria can also be used, 
vehicle for expression of. immune »•«» W;/^^.,, 
pharmacologic agents and antitumor agents, for express! 
of a polypeptide or a protein useful in producing u 
anti.fertility.vacclne vehicle, or. for «»"'^ f 
str ess proteins, which can be administered to evoke 
, I:!, response or to. induce tolerance in- an autoimmune 
disease (e.g., rheumatoid arthritis, . 
mycobacteria can, for example, express procerus, 
polypeptide^, which are growth inhibitors or are 
oytocldal for tumor cells (e.g.. interferon , or T . 
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interleukins 1-7, tumor necrosis factor (TNF) a or 
and, thus, provide the basis for a new strategy for 
treating certain human cancers (e.g., bladder cancer, 
melanomas). Pathogens of interest include any virus, 
05 microorganism, or other organism or substance (e.g., a 
toxin or ; toxoid) which causes disease. The present 
invention also relates to methods of vaccinating a host 
with the recombinant, mycobacter ium to eiicit protective 
immunity in the host. The recombinant vaccine can be 
10 used to produce humoral antibody immunity, cellular 

immunity (including helper and cytotoxic immunity) and/or 
mucosal or secretory immunity. In addition, the present 
invention relates to use of the antigens expressed by the 
recombinant cultivable mycobacterium as vaccines or as 
15 diagnostic reagents, 

| — The vaccine of. the subject invention has important 
advantages over presently-available vaccines. In 
particular, the. recombinant mycobacteria described herein 
express DNA of interest as a protein product without 
20 extraneous or additional proteins. This differs from 

presently available vaccine vehicles in which a gene or 
genes of interest are expressed in a recombinant form 
(e . g. , fusion protein) . Further, mycobacteria have 
adjuvant properties among the best currently known and, 
25 thus, stimulate a recipient's immune • system to respond to 
other antigens with great ef f ectiveness . This is a 
particularly valuable aspect of the vaccine because it 
induces cell-mediated • immunity and will , . thus , , .be • 
especially, useful in providing immunity against/pathogens 
30 in cases where cell-mediated immunity appears to be 
critical for resistance. Second, the mycobacterium 
stimulates long-term memory or immunity. As a result, a 
single (one-time) inoculation can be used to produce 




•nation to protein antigens. Using the 
long-term sensitization P possible 

,.. «f the present invention, it f 
vaccine vehicle of the p sCio ulates 

t0 prime long-laatlng T eel, -«/ u h c the - 

seeondary anybody reeponses n.u « »T • 

years, it has had a very tube rculosis ; 

:;r;r;;r: :r:;.r,:.= 

in multiple forms). ^ partl eular, as well as 

A £ „ tk .r advantage K. I^P ^ ^ ^ ^ 

mycobacteria 1- Saner.l. 

is large, it abl inte resr) and. thus, 

£t0 m another ...... » t • • one . 

0 can be used re - " „ cective antigens. for 

carrying DNA of Interest encodxng protect! 

more than one pathogen) . 

Brief U es«i E tlon_^^he.Eravi S gi . 

pleure 1 la a s.hematic representatxon of th 

Figure mycobacterial strain. 

" ""TigureYrATcn^ 

of DNA of interest, into a marked ^ . 

F i E ure 3. is a schematic r.pr a ^ ^ . 

pY.OU, which contains .the mycobacterial Pyr 
30 flankingDSAaequen.es. 
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Figure 4 is a schematic representation of vector 
pY6015 f which contains the aph gene (encodes kanamycin 
resistence) inserted at the PyrF site of pY6014. 

Figure 5 is a schematic representation of vector 
pY6016, which contains the mycobacterial PyrF gene and 
flanking DNA sequences of pY6014 with several restriction 
sites removed. 

Figure 6 is a schematic representation of vector 
pY6017, which contains the hsp70 gene inserted -70bp 
downstream of PyrF in pY6016. 

Figure 7 is a schematic representation of vector 
pY6018, which contains the hsp70 promoter and the HIV1 
gag gene inserted in the- hsp70 coding site of. pY6017. 

Figure .8 is a schematic representation of vector 
pY6019, which contains the hsp70 promoter and the HIVL 
£ol gene inserted in the hsp70 coding site of pY6017. 

Figure 9 is a schematic representation of vector 
pY6020 t which contains the hsp70 promoter and the H1V1 
env gene inserted in the hsp70 coding site of pY6017. 

Figure 10 is a schematic representation of vector 
pY6021, which contains the hsp70 promoter and the- SIV1 
gag gene inserted in the hsp70 coding site of pY6017. 

Figure 11 is a schematic representation of vector 
pY6022, which contains the hsp70 promoter and the SIV1 
2£l gene inserted in ' the hsp70 coding site of pY6017. 

Figure 12 is a schematic, representation of vector 
pY6023 t which contains the hsp70 promoter and the. SIV1 
env gene inserted in the hsp70 coding site of pY6017." 

Detailed Description o f the Inv ention 

Mycobacterium bovis-BCG (BCG or M^_bovis -BCG) is an. 
avirulent ML bovis derivative which is widely used 




chr oughouc Che .or!,, particularly to provide protection 
^'.r^K. *>« excellent savant "tivlty 

associated with Its use, it .retains of 

a recombinant vehicle for. the expression of proteins 
interest, such as a protein antigen, enzymes. 

lymphokines, end Immun. '^"Z ^ target strain, 
i It is now possible, using 

Che integration -vector and the method of the pr.s.n 
invention, to produce recombinant nyeob,c « » 
DNA of interest and. a regulated promoter r.g ion re 
at.bly incegrated and in which the MA of interest is 
stably ince B reaulated promoter 

5" expressed under the control of the rag _ 
region. In particular, it is now possible to stably 
region. ... . enom ic DNA in combl- 

introduce DNA of interest into BCG genom 
Tation with a regulated promoter region, such as that 
Te neat shoe, procein (hsp>70 or the hspoO promote 
20 :eglon. The resulting recombinant bCC has very sim lar 
characceristics to those of the unmodified BCG. The 
recombinant genome includes the DNA interest and the 
regulated promoter region. ^"J**^,. „ 
unmodified BCG. Expression of the DNA ^ 
25 produce, the encoded protein or polypeptide !, 
control of the regulated promoter region. The 
recombinant mycobecterie are useful.es "S"" 1 " 
vehicles, in which expression of the DNA of " 
the control of the reguleted promoter region, and. 

30 thus, is regulatable. 

■ An important feature of this system is hat 
genomic DNA of the recombinant BCG . Is minimally 
isrupted. DNA of interest is inserted along with the 
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regulated promoter region into a site between the PyrF 
gene and the adjacent gene, so that the expression of the 
mycobacterial genes is not affected. Thus, modified BCG 
is essentially the* same, as the unmodified BCG . 

. The following is a description of construction of 
marked mycobacterial target strains; construction of*, 
integration vectors useful for introducing DNA of inter- 
est into marked mycobacterial target strains; production, 
of recombinant mycobacteria having DNA of interest stably 
integrated into genomic DNA; and uses of the resulting 
recombinant mycobacteria. Although the following is 
described in terms of BCG, it is to be understood that 
the methods and vectors described can also be used to 
produce recombinant M . smegmatis , as well as other 
recombinant mycobacteria, such as:. M_. avium/ M . phlei , 
f££tuitum, j._lHfH » M^__ para t ub e r c u 1 osig , habana t 
££££f Hl£££H2} » M^tuberc miosis , and in trace 11 ul are . 

Figure 1 is a schematic representation of 
construction of a marked mycobacterial. (BCG) target 
strain/ which is the target for further manipulation 
using standard genetic engineering methods . A 
recombinant plasmid containing mycobacterial . DNA in which, 
the PyrF gene has been replaced with a gene encoding a 
selectable marker is used to transform M^boyis -BCG t 
using standard methods such as elec troporation. A. double, 
homologous recombination event (indicated in Figure . 1^ by. 
two Xs) occurs, between plasmid-borne sequences : homologous- 
to sequences within the mycobacterial- .genome . _ For doub le 
homologous, recombination to occur,, plasmid-borne- . : .. 
sequences homologous to sequences in the mycobacterial 
genome are positioned on either side of the gene encoding 
the selectable marker. The result is a replacement in 
the mycobacterial genome of the PyrF gene with the gene 
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aoh as represented 
encoding the s.l.ctabl. ( ;--; ye ? ob . ct . tl . in which 

In Figure 1). Transformers (1. .. 7 narker . 
tb . PyrF sen. has been replaced by he 

\ .vhibit a change in phenocype 
encoding gene) "hlbrt ttnmod lfied 
£ro m the phenotype observed in b is 

By cobact.rium. Transformed, ax. " leC " d 
o£ either .f these -^^^ «„„« strain is 

_ r.-sr^ -tir:;:;ri:r::c 

ny cobaecenal g ^ fK ^ purpose . 

c h ac represented 1. F a DNA sequences homologous 

th . integration vector inc ^ acterlal 8 , M .., DHA 

co °HA sequences in the targe ^ ortgin> DKA 

encoding a selectable ma, : « (DNA o£ 

encoding a protein or polyp P . t . rUt . 

in terest) and DHa enco - • lB tb e 

pr „„ocer region Th . a ppropriate plasmid 

integration vector a „ f . lntagI ation 

vector (such as pBCIS) . des crlbed in detail 

vectors or the present inve • ^ 
b eIo». the integration vecto . » 
oarlt ed mycobacterial target strarn usr g 
techniques (e. g . , el.ctroporation) * ; ^ 

t recombination event <^^ b ^«i.X — 
occurs between plasmid-borne my 
wbich - homologous to sequences rn 

.^abacterial genome and which flank _ ^ . 

selectable maraer or myeobacterr * .,1 J ■ ^ 
0 and the DNA of interest (on the _ 
is e replacement in the mar.ee targe at in 

encoding a "--"^ to mycobacterial 

flanking sequences wiw 
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sequences, the DNA encoding a selectable marker of myco- 
bacterial origin, the DNA of interest, and DNA encoding 
regulated mycobacterial promoter region. This is 
represented schematically in Figure 2. As shown, the 
double homologous recombination event results in 
recombinant mycobacteria which have two phenotypic 
characteristics useful for identifying and selecting 
cells containing the DNA of interest and regulated 
promoter region. 

DNA of interest can be of any origin and is DNA 
which is all or a portion of a gene or genes encoding 
protein(s) or polypeptide (s) of interest. The term 
polypeptide of interest, as used herein, includes all or 
a portion of a protein to be expressed. Such DNA of 
interest is expressed in the genetically recombinant 
mycobacteria, in which it is integrated into the 
mycobacterial genome. The DNA of interest is introduced 
into the marked mycobacterial target strain as a 
component of an expression cassette, which also includes 
a regulated promoter region. As a result of the double 
homologous recombination by which integration occurs, 
recombinant mycobacteria contain DNA of interest, the. 
regulated promoter region and components which are 
equivalents, of the corresponding sequences present in the 
unmodified mycobacteria. For example, as shown in Figure 
2, the recombinant BCG differs from the unmodified BCG 
only by the presence of the DNA of interest. and the. . 
regulated promoter region. The mycobacterial genomic DNA 
has been changed (by replacement of the FyrF gene and 
flanking sequences with the aph gene and flanking 
sequences) and then "reconstructed" in such a manner that 
equivalents of the PyrF gene and flanking sequences are 
integrated, along with the expression cassette. The 
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.„.f change is incorporation into the mycobacterial 
s enome o£ DNA of interest and a regulated promoter 
region. 

The regulated promoter region present in the 
expression cassette can be any regulated promoter region 
functional in mycobacteria. The regulated promoter 
region includes the -transcriptional promoter and 
translational start site, including the ribosome binding 
sites. In general, the promoter region is of 
abacterial origin. However, regulated bacterial 
promoters, such as the E^coli lacZ promoter, can also be 
used. in one embodiment of the present invention, the 
regulated promoter region is a heat shock promoter region 
(bsp) of mycobacterial origin, such as. the BCG hs P 70 or 
hs P 60. Use of. such a regulated promoter region provides- 
an important- advantage to the recombinant mycobacterxa; 
particularly in expression vehicles which are vaccine 
vehicles. In circumstances, such as increased 
temperature or bacterial infection, in which an 
individual is stressed, the hsp promoters are turned up 
and enhanced protein production occurs. In the present 
invention, this is particularly useful because expression 
of the DNA of interest is under the control of the 
regulated promoter region, which is turned up and, thus, 

■t ■ ^ DNA of interest at. a higher than 

drives expression of the DNA or 

normal level . .. 

When DMA. of interest is integrated into the 
mycobacterial ...... as a result of a single homologous 

recombination event.plasmld DKA, and. the DBA of." Interest 
ara integrated, into tha mycobacterial genome.. - Tha 
resulting recombinant mycobacteria is unstable due « 
identical mycobacterial sequences in close proximity to 
one another. As a result, recombination of homologous 
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sequences can again occur. This results in "looping out" 
(resolution), which removes the recombinant plasmid and 
DNA of interest, thus eliminating the genomic 
integration. This does not occur in recombinant 
mycobacteria of the present invention.. 

Construction of one marked BCG target strain and of 
several plasmid vectors and integration vectors , as veil 
as integration of DNA of interest ' into the marked target 
strain genomic DNA, are described below with reference to 
the figures. 

To produce a marked mycobacterial target strain, the 
mycobacterial PyrF gene in the M v boy is -BCG genome was 
replaced with the aph gene, which encodes kanamycin. 
resistance, using a plasmid vector (designated pY6015) 
containing the aph gene and capable of transforming 
bovis -BCG . The PyrF gene encodes orotidine monophosphate 
decarboxylase, which allows mycobacteria to grow in 
medium lacking uracil. The normal or wild type BCG is a 
uracil prototroph (grows in the absence of uracil) and 
kanamycin sensitive" and has the phenotype (URA + , KAN S ) 
As described in detail in the following sections, and 
represented in Figures 3 and 4, plasmid pY6015 was 
constructed by replacing the PyrF gene in. the' vector 
pY6014, which also contains sequences flanking PyrF 
(Figure 3), with an aph gene (Figure 4). Vector. pY6015. 
contains the aph gene flanked by BCG sequences normally 
found flanking either- side of the PyrF gene in- the: BCG 
genome-. ... r.* '. • . . • ^ ;\ ; • .:. " ± : 

Recombinant: plasmid. pY6015,* was used^ to transform" 5 '** 
mycobacterial cells: (e.g..,. M . bovis -BCG) V using standard 
electroporation techniques, to produce a target BCG 
strain which is then manipulated, as described below, to 
stably integrate DNA of interest into its genome. 
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••Recognition" of homology between sequences present in 
the plasmid-borne mycobacterial DNA sequences located on 
both sides or ends of the gene encoding a selectable 
marker (here the aph gene) and sequences in the mycobac- 
terial genome <PyrF flanking sequences), results, in 
double homologous recombination. As diagrammed in Figure 
1, the recombination event . resulted in replacement of the 
mycobacterial PyrF gene and integration of the plasmid- 
borne aph gene, thus producing a "marked" BCG target 
strain having the phenotype (URA* , KAN ), Electropor ated 
cells were plated onto medium which contained kanamycin 
and uracil. Only those cells which contained the. intact 
aph gene survived under these conditions. 

A second recombinant plasmid, referred to as an 
integration vector, was then used to introduce DNA of 
interest into the marked mycobacterial target cells, 
(here, the mycobacteria containing the aph gene) . The 
integration vector used to transform the target BCG 
includes: 1) DNA sequences (referred to as plasmid-borne 
DNA sequences) homologous to DNA sequences in the target 
BCG genome, which are necessary for double homologous 
recombination to occur (between plasmid-borne mycobac- 
terial sequences and DNA sequences in the marked target 
BCG genome); 2) DNA encoding a selectable marker, of 
mycobacterial origin; 3) DNA encoding a regulated 
mycobacterial promoter region to control or drive 
expression of DNA of interest; and. 4) DNA of interest: 
encoding a protein . or polypeptide of interest. DNA - . . 
encoding a selectable marker of. mycobacterial origin .is 
defined herein as nucleotide sequences, isolated from the 
mycobacterial genome or nucleotide sequences sufficiently 
similar to the mycobacterial sequences to encode the same 
selectable or phenotypic characteristics, including DNA 
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sequences produced by chemical or mechanical synthesis, 
or by cloning and amplification. The target BCG cells 
are transformed with the integration vector, using known 
techniques. The mycobacterial sequences in the 
integration vector were the same as those pres.ent in the 
mycobacterial genome.. Alternatively, they can be 
sufficiently similar to those present in the 
mycobacterial genome to make homologous recombination 
possible. As represented in Figure 2, a PyrF gene has 
been used in combination with DNA of interest encoding a 
protein or polypeptide of interest, "Recognition" of 
homology of sequences present in the plasmid-borne 
mycobacterial DNA (i.e., PyrF DNA sequences and flanking 
sequences) and identical or sufficiently similar 
sequences present in the. marked target mycobacterial 
genome results in double homologous recombination between 
regions of the incoming (plasmid-borne) mycobacterial DNA 
and the genomic mycobacterial DNA. The result is 
integration of the PyrF gene and the expression cassette, 
which includes the DNA of interest and the hsp 70 
promoter region, into the mycobacterial genome/ with the 
concomittant deletion of the aph gene. 

Thus, as described above, it is possible to 
integrate into the mycobacterial genome DNA encoding a 
protein or polypeptide of interest and to identify... and 
select those cells which contain DNA of interest stably- 
integrated into the genome. In addition, such DNA of 
interest is integrated into the mycobac terial" genome at: a 
selected site (i.e.\ PyrF gene locus). This "same 
approach can, of course, be used to integrate DNA of 
interest into other selected sites on mycobacterial 
genomic DNA. For example, the site chosen can be any 
gene necessary for cell metabolism. In this case, a site 
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on the genome, at which integration is desired, can be 
elected. An integration vector can be constructed, as 
described previously. The DNA of interest can be stably 
integrated into mycobacterial genomic DMA and cells 
containing- the stably integrated DNA of 'interest 
selected, in the sane manner as described previously. _ 

Until the present time, it has not. been possible to 
produce recombinant mycobacterial expression vehicles In 
„nich DNA encoding a polypeptide or protein, such as one 
) against which an immune response is desired, is. stably 
integrated, at selected sites and in selected orienta- 
tlons, in genomic DNA . Further, according to the method 
of the present invention, the expression of DNA of 
interest stably integrated into the mycobacterial genome 
L5 ' is controlled by a regulated mycobacterial promoter 
region. For example, a mycobacterial promoter and 
ribosome binding site, such as a heat shock protern 
I promoter region (e.g.. hsp70. hsp60) , serve as 
/ regulable expression signals controlling expression of 
20 the DNA of interest. As- represented in Figure 6, the 

expression" tassett. can include a polylinx.r in sequences 
surrounding the mycobacterial sequences necessary for 
double homologous recombination (i.e., the PyrF gene).. 
As a result, DNA of interest can be inserted into the 
25 mycobacterial genome and mycobacterial expression signals 
will control the level of production of the protein or 
polypeptide of interest. Selection of mycobacterial, 
cells in which. the. PyrF-expr.ssion cassette-DNA of . 
interest combination are stably integrated can be carrred 
30 out as. described previously. 

It is now possible, using the method and the 
integration vector of the present invention, to integrate 
DNA of interest into a cultivable mycobacterium and 
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regulate the expression of the DNA of interest. The DNA 
encoding a polypeptide or protein against which an immune 
response is sought, which is present in the integration 
vector, can be obtained by isolation of the naturally- 
occurring DNA (e.g. , from .the pathogenic v organism . or 
toxin-producing organism); by cloning and amplification 
of the DNA sequence of interest, using known genetic 
engineering techniques (See, for example , Maniatis, T. 

Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor. N.Y. (1982).); or by mechanical or 
chemical synthesis (e.g., polymerase chain reaction 
(PCR)). 

Similarly, plasmid-borne DNA sequences necessary for 
homologous recombination can be isolated from. a source in 
which it occurs in nature , produced by means of standard 
genetic engineering techniques or synthes iz ed ' chemically 
or mechanically. The characteristic which serves as the 
basis for selection of a marked mycobacterial target 
strain containing the gene encoding a selective marker, 
can be,, as described, drug resistance. The gene can 
encode, for example, kanamycin resistance, viomycin 
resistance, thiostrepton resistance ,. hygromycin resis- 
tance or. bleomycin resistance. Alternatively, an auxo- 
trophy strategy can be used, such that selection is based 
on the ability of mycobacteria in which integration has 
occurred to survive, when grown on appropriate medium. 

The . integration vector- described above, and in: the ■-. 
following sections can be used to integrate:, DNA: of. 
interest which encodes one or more antigens, for one- or .- : 
more pathogens of interest into the mycobacterial, genome-. 
It can also be. used, by integrating DNA encoding an 
appropriate protein, such as human gonadotropin hormone 
(HGH) fragments, into mycobacteria, to produce an 
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anti- fertility "vaccine." These vectors can also be used 
to integrate DNA encoding a protein or a polypeptide 
which is a growth inhibitor for or cytocidal to tumor 
cells. The resulting recombinant mycobacteria can be . 
used, respectively, to non- specif ically augment . immune 
responses to foreign antigens expressed in. mycobacteria 
and to treat some human cancers. 

As a result, it is possible to produce recombinant, 
abacterial vaccines which can be used to immunize 
individuals against, for example, leprosy, tuberculosis, 
malaria, diphtheria, tetanus, leishmania, salmonella, 
schistomiasis. measles , .mumps , herpes, and influenza. 
Genes encoding one or" more protective antigens for one or 
m ore of the dis ease - causing pathogens can be integrated 
' inco the mycobacterial genome. Of particular, value i.s 
the ability to integrate . genes encoding antigens of 
pathogens which require T-cell memory or effector 
function. Administration of the resulting recombinant 
abacterial vaccine to a host results in stimulation of 
the host's immune system to produce a protective immxine 
response . 

Construction of a recombinant plasmid vector and 
pr o due ti on_o f a_m^ed_mYcoba£t er^l_^et_strain 

" ~A marked'mycobacterial target strain was produced to 
be able to introduce and express DNA of interest at a 
specific M.bovis-BCG gene locus, and to select. for 
recombinant" mycobacteria in which integration; occurs v 
For example, the PyrF gene " is a- particularly useful 
genetic toolbecause it -permits • pos itive and • negative 
selections and does not suffer from several problems 
associated with drug resistance markers. For example, 
spontaneous resistance to many drugs occurs at relatively 
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high frequencies in bacteria because of the large number 
of different mutations that can affect cell permeability 
to drugs. Further, it is often undesirable in 
potentially pathogenic organisms, or in candidate live 
vaccines to have a drug resistance marker present in the 
vaccine, vehicle. . 

In the method of the present invention, a marked 
mycobacterial target strain is produced in which the 
normal mycobacterial PyrF gene is replaced with a 
plasmid-borne aph gene. A starting plasmid, pY6014, was 
produced by cloning the entire BCG PyrF gene and flanking 
DNA sequences (-0.5-1.5 kb on either side) into pUC19 
(Figure 3). Subsequently, the PyrF gene was replaced 
with the aph gene isolated from Tn903 to produce plasmid ' 
pY6015. Normal mycobacterial cells are uracil 
prototrophs (URA + ) and kanamycin sensitive (KANS S ). The 
pY6015 vector contains the aph gene inserted between the 
BCG PyrF flanking sequences. This vector was used to 
transform BCG cells to produce a marked mycobacterial 
target strain (i.e., BCG. cells in which the aph gene has 
been inserted into the genome). A double homologous 
recombination event, indicated in Figure 1 by two Xs , 
occurs between the plasmid-borne mycobacterial sequences 
homologous to sequences in. the mycobacterial genome 
(i.e., PyrF flanking sequences). The result is a 
replacement of the mycobacterial PyrF gene with the aph 
gene which encodes kanamycin resistance. As a result of 
the recombination event, the transf ormants have a . . 
distinctive, double- 'ph a no type . . The marked target BCG 
strain are uracil auxotrophs. (URA") and. kanamycin 
resistant (KAN R ) . Thus, mycobacteria that have undergone 
gene replacement can be directly selected by plating 
transformants on medium containing kanamycin and uracil, 
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, , on medium containing 5 - £ luoro - oro tic 
or alternatively, on medium produces 

n / t he loss of the ?yrr S«» c f 
acid (FOA) and uracil (tne 

cells that are resistant to FOA). 

As described above, a I 554 - T»„ r i? • 

, a bv inserting the mycobacterial PyrF 

» " HM V "; 0r T : 1 vector 

with Kpnl and Hindlll, oiun 

ThP first third or tne uj__ — . 

The rirs*. eo tides downstream of 

,..«'« ^s ? 70 v.s inserted »« DKA 

iso l*ted fro. H^uU^i " '"""^ 

produce thepY6017 vector over i a ps the 

protein synthesis- « e P ox J _ 
LtW «as use, to * » « « drlvlng 
Mentation vhieh covers * . « ^ 
egression ofth. DKA of..int.res ft ^ ^ . 

seq uence. Too . n.p7* codin S so no v . ^ 

Mndin* sir. drives th. expression of the 
protein or polypeptide of interest. 
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The pY6017 vector containing the hsp70 gene was 
first digested to completion with Kpnl or Xbal, then 
subjected to a Ncol partial Xbal digest. This digest was 
run on a gel to purify the linearized vector which lacks 
the hsp70 coding sequence . The DNA of interest was 
synthesized using PCR, and cloned into the Ncol. 
partial -Xbal digested pY6017. Six vectors were produced 
with DNA of interest in the hsp70 coding sequence. The 
plasmid vector pY6018 contains the HIV1 ga^g gene, 
synthesized as a 1500 bp Ncol-Xbal fragment using PCR; 
pY6019 contains the HIV1 £ol gene, synthesized as a 2720 
bp Ncol-Xbal fragment using PCR; pY6020 contains the HIV1 
env gene, synthesized as a 2570 bp Ncol-Hbal. fragment 
using PCR; pY6021 contains the SIV1 gag. gene, synthesized 
as a 1520 bp blunt-Kpnl fragment using PCR; pY6022. 
contains the SIV1 £ol gene, synthesized as a 3.125 bp Smal 
fragment using PCR; and pY6023 contains the SIV1 env 
gene, synthesized as a'2750 bp Smal-Xbal fragment using 
PCR (See Figures 7-12). 

Transformation of the marked mycobacterial target 'strain 

^i.th_recombinant plasmid vecto r a nd_DNA of interest 

Standard techniques such as elec troppra t ion can be 
used to introduce the integration vector into the marked 
mycobacterial target strain (i.e., recombinant mycobac- 
teria containing a selectable marker). As diagrammed in 
Figure 2, marked BCG cells can.be transformed with the . .. . 
integration vector, under conditions .appropriate . for . . 
double homologous * recombination . to - occur .between r .i •■ 
plasmid-borne- sequences (i.e., the . PyrF.: gene , homologous 
mycobacterial sequences flanking the PyrF gene and the 
DNA of interest, hsp70 promoter and DNA of interest) and 
homologous sequences in the marked target BCG genome. 
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pr0 moter-DNA of interest combination and delete 

• rh, marked target BCG . Mycobacterial cells 
aPh t g li; \ P ne, the hs P 70 promoter, and DNA of 

COnUmnS ! e selected by culturing the electroporated 
05 interest can be selected oy ■ cells in 

cells on uracil- containing medium. Only 

• „f the PvrF gene occurs survive, 
which integration of the PyrF g ^ 

An important advantage of the metno . 

invention, vhich is illustrated in Figure 2 bat 
10 integration of the DNA of interest occurs without 
10 Integra -V-.-id DNA into the genome. 

concomitant integration of plasmid i; 

t- for the DNA of interest, the net effect 
That is, except for the dm 

1. that sciences which - not normally present rn 

^bacteria (i.e., '» 
15 the recombinant mycobacterial cells. 

Overview of uses and advantages of intention vectors 

and ..ethod^^th^ErisentanventiM----- --~~ e 

iner. are numerous uses for and advantage of the 

testation vector of the present invention. ^ .veral 
20 these are described below, as is the use 

nation vector in constructing expression or v.cc n. 
vehicles. As a result of the present invention, DHA of 

« a .„t. the mycobacteria genome and 
interest is integrated into the my bacterlai 
expression of the DNA is regulated with y 
25 meter. Hew genetic approaches, to understan r 

q usscions> of disease, pathogenesis are now avar la U. 
Ling the integration vector, it should be possible to 
" I optionally mutagenic and mar, genes -^"^ ^ 
mvcobact.ria. by homologous recombination, Wiethe aim 
30 of 'identifying specific genetic function. reared « 

J ^ n „„ BS is For example, using this, 
virulence and pathogenesis. r 

vector and mycobacteria (e.g., H^£S£gma t i s . M, 
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k£Zll" BCG )t virulence genes of tube rcul o_si s or 
l£EI££ can b * identified and diagnostics (diagnostic 
tests) developed. By specifically deleting or replacing 
those genes, it may be possible to develop a more 

05 specific and effective attenuated vaccine against 
tuberculosis than the current H. bovis-BCG vaccine. 
Alternatively, as specific protective antigens for 
tuberculosis and leprosy are identified by study of 
antigens recognized by T, cells from resistant 

10 individuals, it will now be possible to introduce and 

express them in currently existing M A _bovis -BCG, vaccines. 

Overview of uses and advantages of recombinant 
5Z££k£££&r.ia_ __ 

. The method of the present invention is useful to 

15 construct a genetically recombinant mycobacterial vehicle 
for the expression of the protein(s) or polypeptide (s ) 
encoded by DNA of interest incorporated., into the 
raycobacterium. Such genetically recombinant mycobacteria 
have many uses. 

20 Vehicles of the present invention can be used, for 

example, as vaccines to induce immunity against the . 
pathogenic antigen encoded by the DNA of interest. 
A pathogen is any virus, microorganism, or other organism 
or substance (e. g., toxins), which causes disease. A 

25 vaccine vehicle useful for immunizing against, leprosy, can 
fbe made. Because of the extraordinary adj uvant. ac tivi ty 
of mycobacteria ,.. such as BCG , such a vaccine would be . 
effective in producing . cell - mediated immunity,, particu- 
larly of a long-term or enduring nature. . Genes encoding 

JO " protein antigens of the leprosy parasite M. leprae have 
been isolated by Young and are described in detail in 
co-pending U. S. Patent Application Serial No. 892,095, 
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tll.4 July 31. I'", the teaching, of vhich are in- 
Lporat.d herein "serenes. In particular, genes 

ancoding five ^£ ^ aI>d 

antigens of molecular weight 65W>, 36*», 
« 12kD) have bean Isolated. In addition, t different 

„.,, hv the tene for the 65kB antigen have . 
epitopes encoded by the gene i 

„... defined. At least on. of these epitopes, has been . 
shown to be uni,ue to Uffitti other epitopes h v. 

heen shown to be shared with the 65UD proteins of other 

10 ■ ,cik ;::;:'» ! . ...... i.a....«« ««« - 

invention, it is pcssibl. to int.grat. into the .CO 

«^ more of the genes encoding tL__le£rae 
genome one or more or cne 

' prot.in antigens, using .ethods described above and „ 
15 ch. following examples. Th. genes encoding the HIV1 end 
Che SIV1 m . E ol, and env proteins have been clone nco 
pl as«id vectors, to be introduced into marked target M 
Lvls-BCO cells using th. c.chni,u.s described above In 
^ir.ay. it is possibl. to construct a vaccine whrch rs 
20 close to ideal, in that it contains on. or more, 
protective antig.ns of HIV1 or 1171. does not have 
col.rog.nic determinants and has an excellent adjuvant 
for inducing cell-mediated immunity. 

in a similar f ashion , . it is possible, to construct a 
25 v.cclh. , using an integration vector and Che method of 
tha present invention, to provide specific *""<"°" 
against tuberculosis.; Genes encoding immunogenic, .protein 
antigens of the tubercle bacillus, H^ber^. Have 
been isolated and are -described in co-pending D. S. 
30 p tent application S.ri.l No. 07/010,007. .mtitl.d -O.n.s 
Encoding Protein Antigens of Mycobacterium Tuberculosis 
and Uses Therefor", by Robert N. Husson an* Richard A 
Young, filed February 2. 1987 (now abandoned), and ,n 
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continuation-in-part application, Serial No. 07/154.331, 
(filed by the Express Hail procedure February 10, 1988), 
entitled "Genes Encoding Protein Antigens of Myco- 
bacterium Tuberculosis and Uses Therefor", by Robert N. 
05 Husson, Richard A. Young and Thomas M. Shinnick, the 

teachings of which are incorporated herein by reference. 
| In. this case, a gene encoding an immunogenic protein 

' antigen of M^_ tuber culos i s is integrated into a marked 
target BCG by means of an* integration vector, as 
10 described above. It is also possible to. integrate more 
than one ;M_^_tube r culos is gene, each encoding a protein 
antigen, .'into the BCG genome. For example, a gene 
encoding immunogenic M . tuber culos is_ antigens of 
molecular weight 12kD, 14kD, 19kD, 65kD and 71kD, or a 
15 combination of two or more of these genes under the 
control of regulatated mycobacterial promoter region, 
such as a heat shock protein promoter region or stress 
protein promoter region, can be inserted into an 
integration vector, stably integrated into the genomic 
20 DNA of marked target BCG and expressed. The result is a 
vaccine which is specific for immunization against 
tuberculosis and which induces long-lived immunity 
against the bacillus. 

Vaccine vehicles which express, a pro tein . antigen or 
antigens from malaria sporozoites, malaria merozoites, 
diphtheria toxoid, tetanus toxoid, Leishmania , Salmon- 
el 1 a , . Mycobacterium- af r icanum , My cob a cterium intr acel- 
lulars t Mycobacterium avium , treponemal pertussis , : herpes , 
virus, measles, virus ,. mumps , Shigella, Neisseria, 
Borrelia, rabies, polio virus, HIV-1, Simian immuno- 
deficiency virus, snake venom, insect venum or vibrio 
cholera can also be produced in the same manner. 
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, Ml using the method of the present 
Tf c also possible, using 

4 M . a single vaccine vehicle which contains 

05 ne 8 .ne . each 8 ene enco 4 in 6 . protein ««.«■ « * • 

. ,. vin \ For example, it is. 

p ...m. to. int. g r. n the . p „ 

ln c <5 ration veeto «... .*. J, 

anci 5 en for .tJUBl. ^ ln . 

10 £=r M^tuborculosis. » 6« e gen £or 

mal arla. Ad.iniscretro f thl » ^ ^ ^ 

" Sttl ; ln " "I r P ot.etl.n a g ainsc -pros,, 

antigen and provide long term P 

u tuberculosis, leishmaniasis, and malar a ^ ^ 

The recombinant mycobectena oao also 
•nrl- fertility "vaccine' vehicle. For example. 

b Itlria eont.inln. « eneodlns proteins sue as 

cancers or melanomas (e.g.. 7 P context , . 

inhibitors or cytocidal products). I« th 
25 recombinant -mycobacteria which contain and express 

a, ./„r one or more interleukm 
interferon a, fi and/or 7, one -„ al - t icularly 

:r::;ie:rrt:::r;;ot.i«. either Tr ■ 

f aliciting a protective immune response, (e.g., 
30 purpose of eliciting » f 

a B ainsc subse,uent or long-term l«*««i"> « " *" 
p Lpose of inducing tolerance in an — *»«» 
rheumatoid arthritis). S tress pro terns . such as 
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those described in co-pending U.S. patent application 
Serial No. 207,298, entitled Stress Proteins and Uses 
Therefore, by Richard A. Young and Douglas Young, filed 
June 15, 1988, can be used in this purpose. Because of 
05 their large genomes (e.g., the BCG genome is about 3xl0 6 
bp long),' mycobacteria can accommodate large amounts of 
DNA of interest and, thus, can. serve as multi-purpose 
vehicles. 

Recombinant mycobacteria of the present invention 
10 can be used to produce polypeptide (s ) of. interest, such 
as those involved in steroid synthesis. In this case, 
all or. a portion of such a gene is integrated into the 
mycobacterial host, in which expression is regulated as 
described above. Thus, the recombinant mycobacteria 
15 provide a valuable means of producing such proteins that 
could synthesize steroids. 

In any of the uses of the recombinant mycobacteria 
to express a protein or polypeptide, it is possible to 
include in the integration vector DNA encoding a signal 
20 sequence. and, thus, provide a means by which the 

expressed protein or. polypeptide is made in the cytoplasm 
and then secreted at the cell walls. For example, the 
signal sequence from a antigen, which is secreted in 
mycobacteria, could be used. Alternatively, the signal • 
25 sequence for fi - galactos idase , agarase or a amylase could, 
be used. 

The present invention will now be illustrated by the 
following examples,, which are not to. be considered 
limiting in any.way. 



i 



-29- 



Example 1 Construction of a recombinant plasmid for 
introduction of the Kan gene into *L 
bovis-BCG_and of_a_marked_tar S et_BCG 

The DH5o bacterial strain was used to prepare a 
05 recombinant plasmid. (Bethesda Research Lab . Maryland) . 
M^bovis-BCC (Moreau) genomic DNA was prepared by 

standard procedures. 

The starting vector P Y6014 was produced by inserting 

a Sacl partial-EcoRI 4510 bp fragment cloned from pY6013 
10 into pUC19 DNA. digested with Sacl and EcoRI. (See 

Figure 3) The P Y6011 plasmid was obtained by inserting a 

5610 bp EcoRI fragment from Y3330 into EcoRI digested 
• P GEK-7Zf + (Promega Biotech), Y3330 is a Agtll clone f rom 

a Xgyll library of BCG DNA, obtained by screening the 
15 library with a fragment of the BCG PryF gene. The P Y6014 

contains the mycobacterial PyrF gene and 1.4.-1.6 kb of 

flanking mycobacterial DNA on either side of the PyrF 

gene . • ' 

The aph gene which encodes kanamycin resistance was 

20 obtained from pY6005 and inserted in the P Y6014 

recombinant plasmid to. replace the PyrF coding sequences, 
using standard techniques, ( P Y6005; (Kan ) kanamycin 
resistance cartridge derived from Tn903 was inserted in 
pU C4 Sacl, a derivative of puC4 with pUCl replacing the 

25 Sacl site in the polylinker) . The aph gene was cloned 
into Hindi. 6.1 kb fragment from P Y6014, as a BamHI .. 
filled in fragment f rom ~ P Y6005 . • This produced the 
recombinant plasmid pY6015:which was used to produce the 
marked target BCG strain. (See Figure 4) 
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l££l£li£H-£f. aarked_target_BCG_ ,containing_the Kan %jng. 

As diagrammed in Figure 1, a marked target BCG 
strain was produced by transforming BCG with the 
recombinent plasmid pY6015 discribed above. This 
procedure was performed as follows: BCG cells were grown 
in suspension culture at optical .density (OD) 0.5, 
concentrated 50 fold in electroporation buffer PSB 
(phosphate sucrose buffer) and transferred to a curvette. 
After addition of 10 /ig of plasmid DNA , one electrical 
pulse of 6,250 V/cm and 25 was given and the cells 
were resuspended in 10 ml medium, grown at 37°C for 2 
hours and plated. 

Marked target BCG were isolated by plating the 
transformation on Middlebrook 7H10 agar plates containing 
20 /ig/ml kanamycin and 1 mg/ml FOA. 

Example 2 Construction of an integration vector for 

introduction, of DNA of interest into marked 
target M. bovis-BCG _ 

An integration ..vector capable of transforming the 
marked target BCG (produced in Example 1) was engineered . 
which contained the mycobacterial PyrF gene, DNA 
sequencies homologous to sequences flanking mycobacterial 
PyrF sequences necessary for. homologous recombination, • 
the mycobacterial hsp70 promoter and DNA of interest 
(i.e., the HIV1 or.SIVl £ajg, £ol orenv gene). This 
procedure is described below and diagrammed in Figure. 2. 

The recombinant .vector pY6014" f .described in Example , 
1, which contains. :the mycobacterial PyrF. gene and '.. / 
flanking DNA sequences wks digested with.Kpnl and . 
Hindlll, blunt ended and self-ligated to produce the 
vector pY6016. (See Figure 5). This procedure was 
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performed according CO standards procedures. .This 
results in the removal of several restriction sxtes 
present in pYo014 located in th. original polyllnker ,«A 

sequence . , , 

The hsp70 M. tubarcuiosU EcoRI-HlndUI 1.8 kb 

05 P ol ,rainad from Y3334 (an HIS mpl8. . 

filled in fragment was obtained tr 

p hag e containing the ScoRl - Kpm l.S Kb fragment fro. 
Xgcll olona Will which was obtained by screening a Xgtll 
library of H. tubaroulosis DBA with antibodies against 
l0 ch e ,0 ». "antigen) . and cloned into the Rpal sit, of 
pY6016 (lOi bp downstream of ryrF) using standard 

procedures. 

A s shown in Figure 6, this results in the 
recombinant plasmid pY6017. which contains the hsp70 
l5 promoter and partial coding seouence as well as 

mycobacterial (BCG) flanking sequences necessary for 

v<„ at !»ti with the marked target 
double homologous recombination vitn vfin17 , 6 

. . _ „ 1o i Using this vector <pY6017), 6 
BCG produced in Example 1. using u 

.r-or.: were produced having DNA encoding the 
integration vectors were prouu. 

,„ HIVl » 8 p.l or env gena or the S1V1 gag, pel or env 
20 ana fach^ ches7veccors was produced by .the 

procedure in which the hsp70 coding region was replaced 

with the DHA of interest. 

lna.rtijm^W^i^£21ian_E«011 _ 

„ Ih. M site in the hsp70 insert is at the ATG of 

hsp70 gene. DHA encoding a gene of interest was. cloned 
into this vector (,Y6017) using a polymerase chain . _ 
reaction (PGR) on the gena of. interest aa template The 
two oligonucleotides, used in the reaction- contain at 
30 two end. two convenient restriction sitae (in this case. 
Nco! for the oligonucleotides at the 5- end of the .gene. 
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and one of the sites of the polylinker for the oligonu- 
cleotides at the 3' end of the gene). The PCR product 
was digested with the two enzymes chosen for the oligo- 
nucleotides and gel purified. The vector was cut to 

05 completion with one of the enzymes of the polylinker 

(Kpnl, Xbal) and to partial digestion with Ncol. If Ncol 
was present in the gene of interest, the Ncol site was 
blunted prior to digestion with the Kpnl or Xbal enzyme. 
The PCR product was filled in at the 5' end, and cut with 

10 the 3' end enzyme. 

The following recombinant plasmid vectors were 
produced: 

pY6018: the HIV1 gag gene was synthesized as a 1500 bp 
Ncol-Xbal fragment using PCR and cloned into 
Ncol partial-Xbal digested pY6017 (See Figure 
7) 

the HIV1 pql gene was synthesized as a 2720 bp 
Ncol-Xbal fragment using PCR and was inserted 
into Ncol partial-Xbal digested pY6017 (See 
Figure 8) 

the HIV1 env gene was synthesized as a 2570 bp 
Ncol-Xbal fragment using PCR and was inserted 
into Ncol partial-Xbal digested pY6017 (See 
Figure 9) 

the SIV1 gag gene was synthesized as a 1520 bp 
blunt- Kpnl fragment using PCR and was inserted 
into Ncol partial-filled in Kpnl digested 
pY60i7 (See Figure 10) 

the SIV1 £ol gene was synthesized as a 3125. bp- • 
Smal- fragment using PCR and was inserted into 
Ncol partial-Xbal digested and filled in pY6017 
(See Figure 11) 



pY6019 



20 



PY6020 



25 PY6021 



pY6 022 
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SIV1 env gene was synthesized as a 2750 bp 
PY 1 s.L-aall^alnent using PCK and was inserts* 
£ r=ol partial filled in and X>al digests. 
pY6017 (See Figure 12) 
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CLAIMS 

A recombinant mycobac terium comprising DNA of 
interest and a regulated promoter region, said DNA 
of interest and K&id promoter region stably 
integrated into the genomic DNA of said 
mycobacterium in such a manner that expression of. 
said DNA of interest is under the control of the 
regulated promoter region, 

2. A recombinant mycobacterium of Claim 1 which is 
10 recombinant BCG; the DNA of interest encodes a 

protein or polypeptide of interest selected from the 
group consisting of: antigens, enzymes, 
lymphokines, immunopo tentiator s and reporter 
molecules; and the regulated promoter region is a 
15 mycobacterial promoter region. 

3. A recombinant mycobacterium of Claim 1, which is 
selected from the group consisting of: 

b . Mycobacterium bovis -BCG; 

20 c. Mycobac terium avium ; 

d . Mycobac terium phi ei ; 

e . Mycobacteri um f ortui tum ; 
f • M ycobac t erium luf u ; 

g . Myc obacteriu m paratuberculos is ; 

25 h. Mycobacterium habana : 

i . Mycoba c terium scrofulaceum ; 

j . Mycob acterium intracell u lar ; 

k. Mycobacterium tuberculosis: and 

1. any genetic variants thereof. 



i 



-35 



4 . Re combinant BOO comprising DHA of interest an, a 
regulated mycobacterial promoter region. 

~* riaim 2 wherein the 

5 . A recombinant mycobacteria of cl 2 

. regulated mycobacterial promoter is a n 
05 protein promoter region. 

. , m the recombinant mycobacteria 
fi a vaccine comprising tne rec 

of Claim 1 and an appropriate carrier. 

10 :r -rss. rsu ---- 

" 9i °DNA encoding a selectable marker of 
mycobacterial origin; and ^ ^ ^ 

DNA encoding at least one P ^ BT .* a 
one polypeptide to be expressed In mycobacteria. 

~+ n r of Claim 7 wherein the 

S . An ^^"V^^ploter region is a heat 
regulated mycobacterial prom 
shock protein promoter region. 

«f ft r of'claim 8 wherein the 
20 9. An integration vector of Clai 70 

regulated mycobacterial promoter region 
promoter region. 

' 1" ~ n-F claim" 7 wherein "the protein 
10. An integration vector of ^ ^ tlie 
or polypeptide of interest is selected, f r . 
25 group consisting of: antigens, ' " 

XympLcines, immunopotentiators and reporter 

molecules. 
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11. An integration vector of Claim 10 wherein the 

protein or polypeptide is selected from the group 
consisting of: HIV gag, HIV £ ol, HIV env, SIV g ag , 
SIV £ol and SIV env. 

05 12 . A method of immunizing a mammalian host against one 
or more pathogens, comprising administering to said 
host a recombinant mycobacter ium , said recombinant 
mycobacterium having stably integrated into its. 
genome a) DNA of interest encoding at least one 

10 protein antigen for each of said pathogens, and b) 

DNA encoding a regulated mycobacterial promoter 
region in such a manner that expression of said DNA 
of interest is under thecontrol of the regulated 
mycobacterial promoter region. 

15 13. A method of Claim 12 wherein the recombinant 

mycobacterium' is selected from- the group consisting 



of: 




a. 


Mycobacterium smegmatis; 


b. 


Mycobacterium bovis-BCG; 


c . 


Mycobacterium avium: 


d. 


Mycobacterium phlei: 


e , 


Mycobacterium f ortuitum ; 


f . 


Mycobacterium lufu: 


g. 


Mycobacterium garatuberculosis ; 


h. 


Mycobacterium habana: 


i. 


Mycobacterium scrof ulaceum; 


j. • 


Mycobacterium intracellulare ; ■'" 


k. 


Mycobacterium tuberculosis; and' 


k. 


any genetic variants thereof. 
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A method of Claim 13 wherein DNA of interest encodes 
at least one protein antigen selected from the group 
consisting of: 

a) antigens selected from the group consisting of: 

1. Mycobacterium legrae_antlgens ; 

2 . Mxcobac^ii^u^^ antigens ; • 

3. malaria sporozoites; 

4. malaria merozoites; 
5 . diphtheria toxoid; 

6. tetanus toxoids; 

7. Leishmania antigens; 

8. Salmonella antigens; 

9- Hyco^terium^africanum antigens; 

10. M V cobacteriu m_intracelluj^re antigens; 

11. M y c obacuriun^avium antigens; 

12. Treponema antigens; 
13 . Pertussis antigens; 
14; Herpes virus antigens; 

15. Measles virus antigens; 

16. Mumps virus antigens; 
17 . Shigella antigens; 

18. Neisseria antigens; 

19. Borrelia antigens; 

20. rabies antigens; 

21. polio virus antigens; 

22. Human immunodeficiency virus antigens; 
.23. snake, venom antigens; 

, ;.24 . :. insect venom antigens ; and . 
. -25.. vibrio ; cholera 

b) steroid enzymes; 

c) interleukins 1 through 7; 

d) * tumor necrosis factor a and 0; 

e) interferon a, P and 7; and 
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f) reporter molecules selected from the group 

consisting of luciferase; galactosidase ; fi . 
glucuronidase and catechol dehydrogenase. 

A method of making a vaccine for immunization ■ o f a 
mammalian host against one or more pathogens, 
comprising: 

a) transforming mycobacteria with a recombinant 
plasmid comprising: 

1) DNA encoding a selectable marker; and 

2) DNA sequences homologous to DNA sequences 
in the mycobacterial genome; 

under conditions appropriate for double 
homologous recombination to occur between 
plasmid-borne mycobacterial sequences 
homologous to sequences in the mycobacterial 
genome, thereby producing target mycobacteria 
cells; and 

b) transforming the target mycobacterial cells of 
(a) with an integration vector comprising: 

1) DNA of interest encoding at least one 
protein antigen for each of said 
pathogens ; . 

2) DNA encoding a selectable marker of 
mycobacterial origin; 

3) DNA encoding a regulated mycobacterial 
promoter region capable of regulating the 

. expression . of said DNA of/ interes t ; and 

4) DNA sequences ^homologous to DNA..sequences. 
in the target mycobacterial . genome ; 

under conditions appropriate for double 
homologous r.ecombinantion to occur between 
p lasmid-borrie mycobacterial sequences 
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cerial 8 en MS , thereby producing e t....b»..t 
mycobacterium. 

A method of Claim 15 wherein the D.4 of .interest , 
encodes at least one protein antigen .selected fro. 

tne group consisting of_ consist in S " of 

a) antigens selected from the gro p 

! M 2 cobacterium_leprae_antigens; 

2'. H^oba^terium^uberculosis antigens; 

3. malaria sporozoites; 

4. malaria aerozoites ; 

5. diphtheria toxoid; 

6 . tetanus toxoids ; 

7. Leishmania antigens; 

8. Salmonella antigens; 

9 " K y.c o b a c t e r i um_a f ri £ anum antigens; 

10 . H^bact^ium^ntr^ellulare antigens ; 

11. M Y c o b a c t e ri um_a v i urn antigens; 

12. Treponema antigens; 

13. Pertussis antigens; 

14. Herpes. virus antigens; 

15. Measles virus antigens; 

16. Humps virus antigens; 

17. Shigella antigens; 

18. Neisseria antigens; 

19. Borrelia antigens; 
. ,;20. rabies -antigens; 

21 polio -virus antigens; 

22. Human. immunodeficiency virus antigens; 

23. snake venom antigens; 

24. insect venom antigens; and 

25. vibrio cholera 
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b) steroid enzymes; 

c) interleukins 1 through 7; 

d) tumor necrosis factor a and 0 ; 

e) interferon o, 0 and 7; and 

f) reporter molecules selected from the group 
consisting , of luciferase; /?-galactosidase ; fi 
glucuronidase and catechol dehydrogenase. 

A method of Claim 15 -wherein the regulated 
mycobacterial promoter region is a heat shock 
protein promoter region. 

A method of integrating into a mycobacterial genome 

DNA encoding a protein or a polypeptide to be 

expressed in the mycobac terium , comprising the step- 
of: 

a) transforming mycobacteria with a recombinant 
plasmid comprising: 

1) DNA encoding a selectable marker; and 

2) DNA sequences homologous to sequences in 
mycobacterial genomic DNA, 

under conditions appropriate for double 
homologous recombination to occur between 
plasmid-borne mycobacterial sequences 
homologous to sequences in the mycobacterial 
genome, thereby producing a target 
mycobacterial cells; 

selecting target mycobacterial. cells produced 
in (a) in which double homologous .-recombination 
has occurred; 

transforming the target mycobacterial cells of 
(b) with, an integration vector, comprising: 



b) 



c) 
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1) DNA sequences homologous to DNA sequences 
in the target mycobacterial genome;. 

2) DNA encoding a selectable marker of 
mycobacterial orgin; 

05 3) DNA. encoding a regulated mycobacterial 

promoter region; and 
4) DNA encoding the protein or polypeptide to 

be expressed, 
under conditions appropriate for double 
10 homologous recombination to occur between 

plasmid-borne mycobacterial sequences 
homologous to sequences in the target 
mycobacterial genome, thereby producing 
recombinant mycobacteria containing DNA of 

1$ interest ; • and 

d) selecting recombinant mycobacterial cells 
produced in (c) in which double homologous 
recombination has occurred. 

19. A method of Claim 18 wherein the protein or 

20 polypeptide of interest is selected from the group 

consisting of: antigens, enzymes, lymphokines, 
immunopotentiators and reporter molecules. 

20. A method of Claim 18 wherein the regulated 
mycobacterial promoter is a heat shock protein 

25 promoter region. 

21. A method of immunizing a mammalian host against one 
or more pathogens, comprising administering to said 
host a recombinant mycobacterium , said recombinant 
mycobacterium having stably integrated into its 

30 genome a) DNA encoding at least one protein antigen 
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for each of said pathogens, and b) DNA encoding a 
reguiated mycobacterial promoter region in such a 
manner that expression of the DNA of interest is 
under the control of the regulated mycobacterial 
promoter region. 

A recombinant mycobacterium of Claim. 21, wherein the 
DNA of interest encodes at least one protein antigen 
selected from the group consisting of: 
a) antigens selected from the group consisting of: 

* • My coba ctefi ug_legrae_ antigens; 

2 . Myc o bacteriu m_ t uba rc ul o s 1 s antigens; 

3. malaria sporozoites; 

4. malaria merozoites; 

5. . diphtheria toxoid; 

6. tetanus toxoids; 

7. Leishmania antigens; 

8. Salmonella antigens; 

9 . Hyc^bacteri^m^af^icanum antigens; 

1 0 . Mycobacterium intracellular a antigens; 

Mycobacterium avium antigens; 

12. Treponema antigens; 

13. Pertussis antigens; 

14. Herpes virus antigens; 
15.. Measles virus antigens; 

16. Mumps virus antigens; 

17. Shigella antigens; .... ... 

18. Neisseria antigens; 

19. Borrelia antigens; . 

20/ rabies antigens;. 

21. .polio virus antigens; 

22. Human. immunodeficiency virus antigens; 

23. Simian immunodeficiency virus antigens; 
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24. snake venom antigens; 

25. insect venom antigens; and 

26. vibrio cholera 

b) steroid enzymes; 

c) interleukins 1 through 7; 

d) tumor necrosis factor a and 0; 

e) interferon a, 0 and 7; and 

f ) reporter molecules selected from the group 
consisting of lucif erase; 0- galactosidase ; fi 
glucuronidase and catechol dehydrogenase. 
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